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ABSTRACT

The polaris Submarine Weapons System is presently employing two
crews per submarine, working in shifts in order to maximize the time
on station for each submarine. The cost of this personnel policy as
compared to the cost of using other alternatives is of current interest.
The purpose of this thesis is to present a technique for making this
comparison, The actuzl data is not presented here, but hypothetical

exanples are given.
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PREFACE

The Introduction describes the problem studied in this paper and
the nature of the results obtained. The major factors and essentail
elements of the problem are also briefly discussed.

Chapter I provides a description of the operation of the Polaris
submarines in terms of two sets of operational cycles, one set describ-
ing the boat operation and one set describing the personnel system.
These cycles consist of patrol, meinitenance, leave, training, and yard
work phases.

Chapter II of this paper presents the analytical model for making
the comparison between alternative personnel policies, The method of
determining the number of submarines and personnel required to keep one
boat on station continuously for a period of years is developed first.
Then the cost equations giving the boat costs and personnel expemses
per boat on station are given. Finally, the relationship betwsen the
crew equations and the boat equations is shown in order to developse
the criterion for selecting upkeep base location.

In Chapter III, the alternative personnel policies are discussed,
and the procedures for using the analysis of this paper are described.
Four examples are provided for illustration.

Chapter IV presents the Conclusion and Recommendations

The author wishes to acknowledge the help of his advisor, Pro-
fessor T. E. Oberbeck, who kept him from going astray at several crucial
points, and Associate Professor J. H. Gandelman, who provided & great

deal of advice and assistance,



INTRODUCTION

The Polaris Submarine Weapon System operation presently employs
two crews per submarine in order to maximize the amount of time sach
submarine can be on statisn, This thesis presents a methed of com-
paring alternatives to the present dual crew polisy by comparing the
nunbers of personnel and submarines required and the costs assosciated
with each policy.

The factors which bear most heavily on this problem are:

The number of crews per boat

The sea duty-shore duty rotation plan

The personnel attrition rate

The cost of training

The annual cost of the pay and administration

of the personnel

The initial coat of the submarines and equipment

The annual cost of operation and maintenance

The number of submarines required to keep one

on station,

It is assumed that the average expenses associated with each crew
and the cost of a suhmarine can be determined from budgetary data and
persomnel statistics, The cost of the boat with its equipment and ths
expenses assoclated with the personnel will be considered separatsly.

A submarine is considered to be capable of spending a fraction of
its "life" on patrol while the remaining part is spent in maintenance,
either in the shipyard or tender upkeep base. The fraction of time a
boat can spend on station determines the numbar of boats required to
patrol one station continuously. Likewise, the personnel are capabls
of spending only a fraction of their careers on station; thus, it will
take a certain number of personnel, more than one crew, to keep a boat
on station,

The personnsl are subject to attrition. Because of attrition, new

personnel must be trained each year to keep the crews up to full

1



complenment. It is training this input of personnel that makes up a
significant portion of the overall crew costs, Thua the rate of loas
of personnel from the Polaris system is an important factor. The de-
termination of this factor is complicated by the unpredicatability of
the personnel reaction to eash alternative personnel policy. It will be
possible to estimate, at least qualitatively, the effesct on the attrition
rates that various alternatives may bring about, With this problem in
mind, the results are expressed as functions of the attrition rate,

For each alternative personnel policy, the results can be used to
determine such quantities as:

The number of stations which can be patrolled with a
given number of submarines

The number of personnel which must be trained over a
period of years

The personnel training costs and other personnsl ex-
penses per station patrolled

The boat, missle, and equipment costs per station
patrolled

The conclusions that are reached ars in the form of equations be-=
cause the actual figures to be compared by this model have not yet been
collected. Comparisons using hypothetical values are given in
Chapter III.



CHAPTER I

THE OPERATIONAL CYCIES

The Polaris Weapon System operation ecan be characterized by ssvseral
operational cycles. In thls section, each of these cycles is described
in terms of a certain sequence of events. From the cycles, it will be
obgserved that the personnel and submarines spend only certain fractions
of their "careers" on station, ready to fire. These fractions are im-
portant; therefore, they are given definitions and symbols to represent
them.

The fundamental cycle is the BOAT PATROL CYCLE. It consists of an
UPKEEP period and a PATROL period and is illustrated in Figure 1. The
UPKEEP period will usually take place at an advanced tender upkeep base,
but may take place at the home port of the submarine or elsewhsze within
the Continental United States. The PATROL will consist of a tramsit to
station, the on-station period, and the transit back to the base., Ths
fraction of the BOAT PATROL CYCLE spent on patrol is an important

variable; therefore, we define this fraction as:

(1) by = (Length of Patrol)
(Length of Boat Patrol Cycle)

BOAT PATROL CYCLE

UPKEEP PATROL
F------- about 90 days -----=- -

FIGURE 1. The BOAT PATROL CYCLE
The CREW PATROL CYCLE is similar to the BOAT PATROL CYCLE except
that it must be modified to accomodate the use of multiple crews, The
CREW PATROL CYCLE consists of an UPKEEP period, a PATROL period, and in

3



tha case of multiple crews, a HGME PORT LEAVE AND TRAINING period as
shown in Figure 2. The CREW PATROL CYCLES and the BOAT PATROL CIYCLES
must be fitted together to provide a smooth working plan in which sach
crew in turn takes the boat through a complete BOAT PATROL CICLE,

For one crew per boat:

BOAT
CREW

BOAT PATROL CYCLE

UPKEEP PATROL

CREW PATROL CYCLE

For Two crews per boat:

BOAT PATROL CYCLE | BOAT PATROL CYCLE
BOAT UPKEEP PATROL | UPKEEP PATROL
HOME PORT LEAVE
CREW I UPKEEP PATROL & TRAINING
HOME PORT LEAVE ‘
CREW IT & TRAINING UPKEEP PATROL

CREW PATROL CYCLE

For three crews per boat:

BOAT PATROL CYCLE | BOAT PATROL CICLE | BOAT PATROL CYCLE
BOAT UPKEEP PATROL | UPKEEP PATROL | UPKEEP PATROL
CREW I UPKEEP PATROL | HOME PORT LEAVE & TRAINING

HOME PORT LEAVE HOME PORT LEAVE
CREW II & TRAINING UPKEEP PATROL & TRAINING
CREW III HOME PORT LEAVE & TRAINING UPKEEP PATROL

CREW PATROL CYCLE

FIGURE 2. The relationships betwsen the BOAT PATRCL CYCLES

and the CREW PATROL CYCLES



In the present situation and in meny of the alternziive perscnnel
policies, cne or more crews will be used to operate each deployed boat;
therefore, it will be cenvernient to defire
(2) a = the number of deployed crews per

deployed boat, 1
Notice that
a x (Length of the BCAT PATKOL CYCLE) =
(Length of the CREW PATRGCL CYCLE).

We bave previcusly defiped a varieble (%) which indicetes the
fraction of time which the boats sperd on patrol. For the crews, we are
interested in the fraction of time they are away from tkeir home port.
There are two importent ceses. The UPKEEP pericds may all take place in
the advencec base, or they may all take place in the home port. In a
third esse, which is developed in deteil in Section 4 of Chapter II,
there may be & plen to schedule some upkeep in home port and scme in the

advanced base.

(3) tc = the fraction of the CREW PATROL CYCLE that
the crew 1is away fram home.

lThe terms "DEPLOYMENT" and "DEPLOYED! are used in

this paper in a special sense. Boats on "Deploy-
ment" and Crews on "Deployment" are thoge boats
and crewe which are actively engaged in the
business of keeping Polaris missles on stationg
vwhich in this paper will include the upkeep
pericds and crew leave and training pericds
between patrols,



N
In the cese when the UPKEEP is in the advanced bege

V. = Length of Fatrol end Upkeep
Length of CREW PATRCL GYCLE

and

t, = Length of BOAT PATRCL CYCLE - 1
Length of CREW PATROL CYCLE ~ &

For the cese when the UPKEEP takes place in the home port,

Y. = length of Patrol
Length of CREW PATRCL CYCLE

- length of Patrol t
~ a°(Lengtt of BOAT PATROL GYGLE)‘ ae

Therefore, we write

% 1/a if all UPKEEP takes place in ths
(3a) c
advanced base

Yb/a  if all UPKEEP takes place in home
port-o

In considering the extent to which the boat is deployed over e
long perdod of time, it is convenient tc define the LONG RANGE OFERA=
TIONAL CYCIE, which shall consist of a BOAT DEPLOYMENT phase and &
YARD OVERHAUL. The BCAT DEPLOYMENT phase shall comsist of a pumber of
BOAT PATROL CYCLES as shfmn in Figure 3. The YARD OWERHAUL phasge shall
consist of the entire périod between deployments which includes the
preperation for the yard work, the yard pericd itself, and the post

yard shakedown and treiring peried.

LONG RANGE OPERATIONAL CYCLE

BOAT DEPLOYMENT YARD OVEREHAUL

BOAT PATROL CYCLES

FIGURE 3. The LONG RANGE OPERATICNAL CYCLE
of the FBM Submarine.
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Consideretion of Facvwe 2 lexds uz o deline

(4) Ty = frecticn of the LING RANGE CFERATICNLL CICLE spent
in tho DEPLOYMENT phase.
Then,
[ Length of BOAT DEPLOVIRNT _
Length of LG RANGE Croma. iy
= P x Ilength of BOAT PATROL CiCLe
Length of LONG RANGE CFERATICNAL CYCLE
To determine the munber of subidd i, L. one subperine

on gtation at all times, we must determine the- awmount of time needed
for upkeep and yard maintenance during the submerine's lifetime. The
lrrger tha portion of ths submerine's life spent in the shipyard end in
maintenance, the more submarines we need to keep cne on station at all
times,

For the crews we have a similer situstion. In additien to assign-
ment to a deployed SSBN; each submariner expecls and requircs a certain
amcunt of his career to be spent in other itypes of Navy activity. Here,
too; we shall need more than one man for easch billet to £ill continucusly
the crews of the deployed submarine. We are also faced with the fact
that crevmen become more senior in years and experience and must be
shifted from billet to billet toc take advanitage of their capsbilities
to handle more responsible positions as time goes on. At some point in
time, every man trained and put into the FBM program will elthsr reach
retirement age or leave at some earlier time.

The assignment to a deployed crew will not be permanent, therefore
it is necsssary to consider an overell career rotation plan. lLet us
define an SSBN PERSONNEIL CAREER CYCLE which consists of the SSBN ASSIGN-

MENT phase and the ALTERNATE ASSIGNMENT phese. Figure 4 illustrates



this cycle and figure 5 iilustrates all of the cycles.

SSEN FERSONNEL CARFER CYCLE

SSBN ASSIGNMENT  ALTERNATE ASSIGNMENT

b = = === - severel years = = = = = = —|
FIGURE 4. THE SSBN PERSCENEL CAREER CYCIE

Every man trained for duty in FMB subnerimes who remains qualified will
be in the FERSONNEL CAREER CYCLE. During the SSBN ASSIGKMENT phase each
FBM submariner will be assigned to one of the crews of the deployed sub-
nerines. During the ALTERNATE ASSICNMENT phase, the FBM sulmaeriner will
be assigned to other billets in the FBM pregrem or to other locations im
the Navy. For convenience, we shall conaider those perscnnel assigned
to SSBN lccated in the yurd as being in the ALTERNATE ASSIGNMENT phase.
It is only when & man retires, or leaves the SSBN progrem permanently,
that he will be ccunted as "lozt by attrition.®

The more detailed mcdel of the CAREER CYCLE shows the deployed crews
and the non deployed crews. The deplcyed crews are the ones which take
turns taking the subraerine through the BOAT PATROL CYCLE and thus they
rotate through the CREW PATROL CYCLE. The non deployed or "pseudo crews',
as they will be called here; are the ones to whichk the perscnnel in the
ALTERNATE ASSIGNMENT phase are conceptually assigned. These pseudo
crews do not rotate, but the personnel assigned to them do rotate to the
deployed crews and back to the pseuvdo crews, Figure 6 displays this
model graphically, with the training input and attrition alsc shown,

To assist in acccunting for the numbers of those crews, we define
for any given personnel policy,

(5) a' = the number of pseudo crews per
deployed bcat,

and
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(6) A =at+a' = the total nuber of erews in the
CAREER CYCLE per deployed boat

The fraction of his career that each man spends assigned to an
FBM submarine will determine the number of men in the CAREER CYCLE
needed for each billet in a deployed crew. Thus we are led to define
To as follows:
Te = the fraction of the CAREER CICIE an
FBM submariner is assigned to a
(7) deployed SSBN

To = length of SSBN ASSIGNMENT
Length of SSBN PERSONNEL CAREER CYCLE

The LONG RANGE OFERATION CYCLE and the SSBN PERSONNEL CYCLE need
not be as carsfully fitted together aa the CREW PATROL CYCLE and the
BOAT PATROL CYCLES, becaus2 the individual persoanel assigned to a par-
ticular boat may be assigned or reassigned without interfering with the
Boet cycles. For exampls, if a boat iz to go to the yard, some of its
personnel will be seni to other SSBN, These people are still in the
SSBN ASSIGNMENT phase. The remaining ars personnel going to ALTERNATE
ASSIGNMENTS. When the boat returns to ths Deployment Phase, the crews
are £il1lsd with personnel from ALTZRNATZ ASSIGNMENTS or from other SSBN.
Thus the movement of personnol between the SSBN ASSIGNMENT phase and the
ALTERNATE ASSIGNMENT phase is not directiy tied to the movement of the
subnarines between tha phasses of the LONG RANGE OPERATION CYCIE.

It is envisioned that until the FBM weapons system begins to be
replaced by the next generation of deterrent forces that these basic
cycless will characterize its operation. It is to be expscted that the
length of the cycles and the relative length of the phasas within the
cycles may change from time to time, or may be fitted together into warious

long range patterns. These considerations will be kept in mind throughout

11



the developmont of ths model. We will not, however, anticipate a sudden
chenge in the role of tha FBM system in the defense of the metion. Thus,
the operationul commitments of each submarine may be planned to satis-
factory precision for a long as ten yesrs.

The operation hcs now been described in terms of four cyzles. The
fractions of such cycis spant in each phase heves bsen defined and symbols
huve been defined to represeat the number of crews in each cyels per de-
ployed boat. In the next chapter, these consaspts ars used to formulate

the desired mathematical analysis.
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CHAPIER IIX
AN ANALYTICAL MODEL

In Chapter II we will develop the analytical method of comparing
ths various alternatives. Firat, we shall find the number of submarines
nesded to keep one on station. Next, ths total input of personnel to the
system over a periocd of years will be determined, and finally, the egua-
tions for the total costs over the same period of years for both the sub-
marines end the personnel will be derived,

1. The Number of Boats Per Station.

We are interested in the number of submarines in the LONG RANGE
OFERATIONAL CYCLE per boat on station. To do this, we first determine
the number of deployed submarines per boat on station,

Part of each PATROL must be used in transit to end from station.
Therefore, the fraction of the BOAT FATROL CYCLE spent on station, th,

is related to 's by a factor which shell be defined as

(8) r = Length of time on station
Length of time on patrol;,

thus r = tg/tye

Then we can write

(9) ts = elrer !

We shall call r the onstation factor.

The number of deployed boats per ststicn is now easily computed.

Let

(10) ng = the number of deployed boats per beet on
station;

then n, = %S

13



Coneideration of the frestion of the LONG RARGE OPERATICNAL CICIE which

7 buet sperde deployed leads to the nwher of sutasrines per gleilon,

lat
(11) ¥y = the nwder of subwoirines in the LONG
RANGE, OFERATICHAL CYCLE par bost on
atation;
then N, =g
T

The e os subwarires, N., leeds to the delermination of the
nuwter of stations which san be petrolled with s gilven munber of tomis.
The valves of ne ené Mg will provide inpuls to the ceost ejuations to he
urnelyzed Iin cecticn 2. Hovever, before turning to the cost considere-
tlon, ihe personnel regquirements over ao veriei of time will e develo
next,
2. The Ling Range Tersonnel Requirerents .

In tkis section, we will determine the number cof perscnnel which
will bte reguired tc maintsin the persomnel system at the desire’ level
of itraining and numbers of crews cover & long pericd of time.

The avbmorine {s built and then can be expecied to operate satis-
fecterily with the usuel yard maintenarnce for a long period of time.
the other hand, perscnnel ere subject te turnever. This turncver is e
significart fraetion of = crew each year. In addition to atiriticn,
otrer werbers of the crew nrust be moved frem tillet to billet,

To proevide and maindain the necessary crews tc operate the sub-
marire, it is necessary Uc first train the initial A crawe per ceployed
boat ani then repluce the porscnnel logt due to atirition. To express

the total irput of personmngl over & pericd of Y years in symbols,



(12) R = the freeticn of the porsonnel in
the CAREER CIClE lest by attrition
aach year

and

L = tetal number cf persomnel input per
deplcyed submarine cver Y years
meesured in erewvs;
then the desired result is
(13) T, = A4 Y22 = A(1 4 Y°R)
To count personnel per station rather than per deployed boat; we simply
multiply I, by ng, the number of deployed boats per staticn., Therefcre

the totsl personnel input per staticn is expressed as

I, = the tctal muxber of perscnnel input per
boat on station for Y yesrs measured
in crews.
then
(14} . Is = Ip'ng

3. The Coat Equzticns.

Although SSBN submarines are expenitive, the crewe cost money too,
Of course, the crewe are not purchesed «s equiprent is but it does take
meney to recruit, train, pey and administrete the personnel required to
man these SSBN crews. The term "crew cost! will be used to dencte thece
expenses .

The total cost of the personnel over a long period of tine censists

of threc factors. The first is the cost of trainipg the initial input

15



of & crewm yer caployed toat. 1 The next facter is the coct of paying

arnd fecdling these areus .< Finelly, woe muet include the cost of training
the ryplacenents which ere required becuvse of the attrition. Then for
the totsl perzcnnel cost tc¢ provide and maintain A crows per deplcyed beat
over ¥ yeors, Dy, ws must acccunt for the initial training cost; the ceost

-~

of replecing ennual atirition, and the annual personnel expenses for pay,

food, and uwdministrative costs, -
let
(12 Dp = the tetal personnel cost per
deplcyad beoat ovar Y years ‘
Dy = k+E {A + YokeBokeR 4 YoE+ (A-h(ies)) | — n /-»

Similarly, the total persomnel cogt per beat on station over Y years

-

follows simply.

/2
Lot S5
(16) Dy = the totsl personnel cost per
boat on ctation cver Y yeers
Ds = Dy°ng

To put the ceosi equation in symbols, we define

(17) S = the annusl cost of paying, feeding,
transporting, ard providing for the
generel welfare of the crew including
the on-the-job and between=patrol
training the crew receives,

&

al
4 RS = the initial training cost of a crew

h°S = the smount ssved pexr year by a crev in
alternate aseignuent (psuedo crew)s

lﬁecall that A = a + a' and defined in eguation (6)

2The annual personnel costs will be modifisd to
acceunt for the fact that perscnnel in alternote
agcignmente should not be included in the personnel
cests per boat or station patrolled.
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and racell that

A is the total muwber crews deployed
ané psuede crews per depleyed beost,

a 1is the number of deployed crews
assigned per deployed boat,

R is the fraction of the personnel of
the a crew lost to attrition each
yeer,

ng is the number of deplcyed boats per
boat on station.

We will now devise cost equations similar to equations (15) and (16)
for the cost of the submarines themselves for a period of Y years. We
begin by defining these symbols for the boat costs which do not include

crav cests,

(18) K = the initisl ccst of the beoat, miscles

and equipment.,

M = the amnhusl ccst of maintaining and
opereting a beost,

Included in the annusl maintenance and operating cost is the ccst of
yard and tender repairs and other costs which are functions of the numker
of sulmarines whick we have.

Thus the boat cost of one boat for Y yeers is
(19) B=K+4 M

Because a boat will not bz depleyed at all times, we would like to
know the boat cost in terms of its deployed time, hence we will define
By, the beat cost per deployed boet over a period of Y years. Then

(20) By = B (Tp<1)
Tp

Sizilarly, for the boat cests per boet on station for a periced of Y years
we have

(21) B, = BelNg

17



With the ald of these equatlong vhigh are sumperized in Table 1,
we zre equipned Yo do a cost comparison of altarnative personnel policiec.
4. The Cholee and &ffect of Upkeep Dase Locztion.

The edvanced bzse lccation enhences the fraction of time on staticn
by decreasing the trensii{ time. The uge of ths advanced base requires
the crew to be away from home during both the PATROL arnd the UPKEEP pericd.
Cre may consider using the home port for upkeep to allow the crews to be
hore mora between patrols. The question whkich then arrises is how much
on station time is lost due to the longer transit and what is the re-
sulting effect on the overall costs and persennel requirements.

In equation (9), we expressed the fraction of the BOAT PATROL CYCLE
spent on station as

tg = Yer

where r is the on station factor. To evaluate tg as a function of the
variables, tc; and a, associated with the perzonnel policy, we will de-=
velope an expression for ts as a funetion of a ard to for a particuler
kome port, advanced base and operation aresa.
Firat let

r. wWhwen the upkeep takes place in
the advanced base

=
ry, when the upkeep takes place in
the home port,
then write tpere when the upkeep takes place in
the advanced base
ts':

tp ' when the upkeep takes plece in
the home port.

Reeall the discussion that led to equation (3a). When the upkeep
takes place in an advanced base each crew is with tlie boat and -cmew avay

from home, for an entire BCOAT FATROL CYCIE. Then the division of the

18



BCAT PATRCL CYICLE is not influvenced vy te or a.

Therefore when the upkeep takes place in an advanced base, ¢) is
irdependent of & and ts. In this case the value of i, may be chossn as
large as possible consistent with the maintenance requirements of the
boat. Let this value of ty be called ty ... When the upkeep tekes place

in the home port, we can substitute a-tc for ty.

(22) tppay F®  if the upkeep takes place
i in an advanced base
=
astcery  1f the upkeep takes place in
the hume port.

A detailed analysis of the dependence of ts on tb, tpp..s 85 tes
rgs rp and the choice between advanced base or hame port urkeep is
develceped in the Appendix. Briefly the results are:

(23) if astc = 1  then the upkeep should be in
an advanced baseas

if a-te L Ih then the upkeep should be in
= Ta the home port;

if ? < a't, <1 then the upkeep locstions
a should be a combination
deternmined by the procedures
in the Appendix:

(24) ty, = thpax® Ta if the upkeep it to take
place in an advanced base

actoery if the upkeep is to take
place in the home port.

if a combination of home

port and advanced based

upkeep locations is in-

dicated. See the Appendix.
Thus it 1s possible to determine for each walue of a and tc in a

given geographical situation, which upkeep location should bz used and

the resulting value of tg.
13



CHAFTER I1I1
APPLICATION &F THE ANALYTICAL MUDEL

In the first section of this chapter; the varicus alternativs
personnel policies are discussed; and the procedure for applying this
model to their analysis is summarized. The second secticn offers four
examples, In the third section, possible refirements to this mudel axe
discussed.

1. The Alternatives.

We now turn our attention to the alternatives which this thesis
proposes to compare using the analytic model of Chapter II.

To simplify the procedure of comparing perscmnel policies and the
resulting operational scheme, it will be convenient to 1list precisely
the characteristics of an SSBN persomnnel policy. The symbols for these
charsoteristics have been defined in Chapters I and 1I. Therefore a
perscnnel policy is characterized by:

(a) The number of deployed crews per deployed boat, &.

(b) The career rotation in terms of years of SSBN see

duty for each year of shore duty or other sea duty.
The PERSONNEL CAREER CYCLE characterizes this
rotaticn.

(¢) The fractiocn of the CREW PATRCL CYCLE that each crew
is away from hema, te.

It must be recognized that such a policy will not be devised without con=
sideration of the operation of the submarine. In fect, it is the
interrelation between the personnel system and the submarine system
operational that we seck to study in order to find the operaticnal seheme
which is optimized with respect to both persomnel and equipment,

As a result of specifying the personnel polisy as indicated above,

certain of the characteristics of the boat operation ere determined.

20



For instance, the fraction of the BOAT PATRCL CYCLE spent on station, tg;
is determinec from equations (23) and (24), while others must bs specified
bacsuse they are independent. of the PERSONNEL POLICY.

The ceost parereters which are inputs to the analysis must be de-
tarxined froxm budgetary data and persornel statistics. The attriticn rate
is a function of the personnel policy because an attractive carser will
retain more of the personnel. However, we will be able tc estimate only
qualitatively the attrition rate because of the unpredictability of the
personnel reection to an alternative personnel policy.

Here is a step by step procedure for determining the persomnel re-
quirements, bcat requirements, and associated costs of an alternstive
PERSONNEL POLICY:

(a) Specify the PERSONNEL POLICY by specifying
A’ a’ &nd tco

(b) Spacify the independent boat parameters, Tp and th,,.» and
N (if applicable.) LA

(c) Detormine the location of the upkesp bases with respect
to the operation area in order to specify ry and ry.

(d) Determine a feasible operation plan that has the
charasctaristica of (a), (b), and {c) abovs.

(e) Determine the use of the upkeep locations from equation (23).
(f) Detormine the use of tg from equation (24)
(g) Determine ng end Ng from equations (10) and (11).

(h) Detsrmine S, Sk, Shy M, and X from buidgetary and personnel
data. Specify Y, the number of years considerad.

(1) Estimate R or express the remaining equations as a funsiion
of R,

(J) Detsrmine Iy end I from equations (13) and {14).
(k) Determine Dy and Dg from equations (15) and (16).

(1) Determine B, By and By from equatinns (19), (20), and (21)
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Tsble 1 provides 2 sumnary of equations which are to be used in the
enalyoais of an 2lternative persomnel pollcey and suggests a forant which
nay be helpful.

In the developement of the analysis, wo have expressed the results
in two ways, as the costs or numbers of personnsl regquired per bout on
station or per deploysd boat., Other measures of effectiveness which are
appropriate are total coast and capability of a fixed number of boats,
boat cost, perscmnel costs, peraonnel required, and number of stations
waich can be patroiled by a fixed numbor of boats. For this purposs, let
N* be the numbar of boats in the LONG RANGE OPERATICNAL CYCLE. The
equations are sasily derived from the variables alrsady defined and they
are shown in table 2.

Equations (10) and (11) give the number of submarines for two
situations., It will be illustrative to ohserve the analogous factors for
the nuabars of crews.

For this lat

¢g = the number of deploysd crews per
boat on station,

Cz = the number of crews in the CAREER CYCLE
per boat on statjion,

then we just multiply 4 and a by the number of deployesd boats per station

to get
(25) cs = = e.’ns
(26) Cg = Aeng

Teble 2 gives a summary of the suggested measures of effectiveness, which

can H3 ussd to place the resuits of this analysis in perspective.
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TABLE 1
RBQUATIONS AND FOMAT FO2 THE ANALYSIS
Specily the Fersonnel Policy with

(a) A & 1

> o

Specify the independent boat parametsrs

K

(v) Tb

tbmax
Detarmino the effect of the distences to the stations

{(d) Work out operational complications is-any. Ensure that
the ecyecle lengths ars feasible.

(e) Determine which upkeep base is to be used
ifat,=1 then uss the advancad base for upkeesp

ate & ry, then uss the home port for upksep
i

- <a~tc < 1 then use a combination of homs port and
advancad base for upkeesp in accordance
with the Appendix
(f) Determine the fraction of the BOAT PATROL CYCLE spent on station
tbmaxora the advanced base is used for upkeep
ts = a ts Iy whean ths home port is ussed for upkeep
ts vwhen a conmbination of home port and
advancead base is used for upkeep in

accordance with the Appendix

(g) Determine the number of depioyed boats par buat on station
g =
s =%

t3rmine the nunbsr of boats in the LG RANGE OP-CYCLE per boat
on station

e =

Y



TABLE 1 contiaued

(k)

(1)
(i)

(k)

(1)

Deteraing the nunmber of depleysd crows psr boat on glation

[] S &°Z]5

Detsrmine the number of crews in the PERSONNEL CAREER CYCLE per
boat on station

CS = A"ns

Determine from data of conjecture valuss of the cost parametsrs
S X h

2

K M " 4

Estimuta the attrition rate R,
Detarmine the total porsonnel input psr deployad boat for I years
I = A{l + Y°R)
Detormine the totri personnel input per boat on station for Y years

IS = ns-Ib

Detarmine the total personnel co;ft,s per deploysd bont for Y years
Dy = StkeIykl SA+1'{A=a)h.°S yod thez
LDeteraine th2 total porsonmel eosts per boat on station for Y years

Dy = ng Dy
Detsrmine the bort costs for Y years
B - K¢e¥ M

Detsruine the boat cost per deployed boat for Y years

B, = B
d Ty

Detsrmine the boat cost per boat on station for Y years

Bs - B Ng



2.

3

Totel

Ds.:

Capability of a total of N¥ bouts in the LONG RANGE COPERATIGNAL

CYCLE
1%,
I Tb

N,’l

Ng

Total

N#.28M

TA3IE 2
SUGGESTID MEASURES (" SFFECTIVIKESS
requlrencata for 1 Deployed Boat

Total mwbor o3 submarines in the
LCNG RANGE CPERATIONAL CYCLE

Total nunber of personnel input
(mecoured in crews)

Total c¢ost of the submurines
Total cost of the personnel
regquirements for 1 station patrolled continruously

Total nunmber of submarines in the
LONG RANGE OPERATIONAL CICLE

Total nuuber of personnel (in crews)
Total boat cost

Totasl crew costs

= the number of boats deploysd

the number of stations patrolled

cost cof N¥ boats over a period of T years

Total Boat Coats

N*. Ty, Dy, = Total Personnel Costs

N#*eTy Iy

Totz) Personnei Input



2

Alternative 1:

(2)
(b)
(e)
(d)
(e)
(f)
(e)
(h)
(1)
(3)
(k)
(1)

(m)

Examples

Alternative 1
A= 3 a = 2
T, = 5/6 ey =
rg = 1 h= .78

The present Op plan.

Upkeep in advanced base.

is approximstely the present plan.

te = %
2/3 N® = 41
20 S; M, K unspecified
1.2B

ts = 2/3

ng = 1.5 Ng = 1.8
cg = 3 Cg = 4.5
R= .3

k=3 h=z1 Y=
In =3(1 20R) = 21
Dp = 1008

Dg = 150.S

B= K 20M By =
By = 1.8B

-7

s
With 41 boats, we get 22.8 stations patrolled at a cost of 150.3 1.8B

per station

Alternative 2.

the "workload" of the

(a)
(b)
(e)
(@)
(e)
(£)
(8)

If we operate

crew --
A=1.5 a=1 te
Tp = 5/6  tpp,, = 2/3
rg =1 h= .78

with one deployed crew without encreasing

we have this situation:
=4

N* = A1 Y = 20 years

The present plan modified as follows

Upkeep in the home port

39
2»56

ts =

ng =

Ng = 3.

08
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(h) es = 2956 GS = 3:8[.

(1) R= .3
(3) k= 3 h=1 S, M unspecified.
(k) I, =1.5(1 7) = 10,5 Ig= 20.69
(1) Dy = 5:31.5 355 -10S = 56.55

Ds = 1338

() B=K 20M, Bg =1.2B, Bg = 3.083
41 boats will patrcl 13.3 stations. I¢ will take 70 boats to patrcl

22.3 stations at a cost of 1335 3.08B per station

Alternatives 3(A) and 3(B)

(a) A= 1.5 a= 1 tc = 2/3
(0) T, = 5/6  ty.. = 2/3 N* = 41
(C) Z‘a = 1 n - 378

(¢) =no problenms.

(e) wupkeep at homeport

(£} t; = .515
(g) ng = 1.94 N, = 2.33
(h) g = la?& CS = 2692

(i) S,M unspocified, k=3, h=1
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3(A):
(j) Rz .3

I, = 20.4
(1) Dy =z 56.5:S
Dg = 110:8

{m) B=K 20M

in this case we have saved on
both crews and bouts over
alternate 2 but we have
negiected a possible increcse
in R

3{B):

28

(§) R= .4

(k) Ip = 13.%
I, =262

(1) Dy = 65.5°S
D; = 127-3

{(m) B=EkK 20M
By = 1.2B

2.33B

td
(]
it

If the igsrease in R is .1 over
at 3{A) then this case gives the
result this caze 1s ths hest o
the examplaz, if R is realistic.

S
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IPTER IV

SUICLUSIONS ahy RECALEN
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zn be nads of
aystan.,

advyanc

tulireg into canslderation only a portion

The mzsults of the stuly of ths

filusnced to a considarable degres

attriticn rate, This factor will

ternine accuretely because it depends

the personnel policy. Expressing the

rate will lead to a useful sans

The molel develeoped in this

work on this probl ted

em as sugges

2. heconnendaticns.
Further application of this
taken:

o~
i
~——r

b tween the groups of
characteristies,

pirsented here is capable of
Aeteimine long range
the purpose of compering varicus
the entire sys

Thus a parbicwlar part of thr system such as

se costs and reguirezents are

prove to be the mos

paper will provi

perfornming an anelysiz of

o o

parsonnzgl reguirements snd

rersonsel policles.

s,

tom or of a portlen of ks

-

the home port and

o base which support a partienlsr operation area can be stuwdied,

of the crew.

in-

by the actunl velue of the persommel

1 difficult to de-
in purt on the crews'! reaction to

results as Tunctions of the attrition

Itivity enzlysis,

de a basis for further

balow in the recomrendutions.

acdel will require these steps to be

Rafine the model to teke into account the variatlions
persornel which have different

(b} Refine the model to tale into account the warious home
port-ndvanced base-oporaticn area eonplexes,

Refinz the

EEOups .

)
O

chnigue of performing 2 ssnsitiv
enalysis of the attrlilon rates of

Y
the varicus rerscnnel



P
s
S

(£f)

(g)

Frogren the sensitivity analysis for = digitel
compuier to handle the computations reguired by {c) above.

Refing the cost equaticons Yo roflect the efferst of cost
Cisecunting over time. This step is considervd guite
important in view of the lor_ time insrement (20 years)
used Lo characterize the lif of each of the sulbmarines
and length of the careers ¢f th: personn2l.

Perzuzl of step {d) leads one to sugges?t that the varlous
parareters snould be made functions of time to censidar
not only cost discounting but other time dependent aspects
such as a transition from one mode of operation to another.

Finally, it shall be necessary to devise and Implement a
date ccllection plan, This plen will kave two phases. The
first will te an investigation of the t)pes cof information
aveilable end its location. The seceond will bte a plen to
collect and reduce, to the required format, the necessary
data to perforn an snalysis.

Altheough a cceneicdereble amount ¢f work to Improve thie medel has

been indicated, the cemparisons produced by the nmodel in {ts presernt form

do provice scme insight into the implications of the employment of varicus

nunkters of crews for each boot and esteblishing varlcue career patterns.



A¥FPENDIX
The purpose of this Appendix will be to varify equations (23) and (24)

nd to show that

o]

N A
te = acte-p .
: p(ry-rp,) + rh] i
(1-£)
A i

where p =  the optimwn frection of the UFKEEPS of & ECAT
DEPLCYMENT phasa wilch are tc taks place in the
gdvanced buse;

r, <at, <1
8

N
p= 1~ acty v~y
1_

T A ®

( rs_-.;"rh}

Equaticn {23) of Chapier II states

ifacty = 1 then the upkeejp should be in the
S
edvanced bage,
if eete <y then the upkeep should bs in the
Ta home yort.
if rp gt <1 then the upkeep 1ac§tions sheuld
Ta bte & combination determined by ihe

procecures of Appendix,
Bquation (24) of Chapter II states

1 2 tbmax'r& if the upkeep is to toke place in
the advanced base.

asteory if the upkeep is to take pluce in
the homs port.

A
v if a ccmbination of home port and
3 1
advanced base upkeep leocation is
indiceted. See Appendix,
Firat we shall define & variable, ?é, which is similar to ts of
squation ($). This new variable will be a funetion of acte,rp,ry and ¢

jariable, p, vhich reflects the emount of use of the advanced buse.

To shortan the notation for the lengtls of some of the cperatiomal
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LuP = Length of the PATRIL
LFC = Length of ihe ECAT PATR(L CUCLE
(A1)
Wle = Lengih of the tramsit to and from the
arvanced base.
Loth = length of the trensit to and from the

home port,
Supprose cver a BCAT DERL.OYMENT, which consists of a nunker P of
BOAT PATA(L. CYICLES, thexre arae to be F* UFPKREF paricds which take jlaee
in an sdvanced basze and (P-F*) UPKEEP pericds which take place in the
noma port. With this noticn it will be convenienit tc take a longer range

look ot the time froeticns.

et

23 = lengll of tlie on ststicn during a Beﬁfg

DEFLOVMENT -
(length of tpe BOAT DEPLOYMENT)

(A2}

o = B¥LOP-LOTa) +  (P-P#)e(LOP-LOIL)

P(LFGC)

now Jet

p = the fraction of URIBLP pericds of & BOAT DIPLOYMENT phase

wiich iake plece in the advanced base;

From sguaiion (?), notics that

the freeticn of BOAT PATROL CYCLE spent on station
when the advanced base is used {or upkeep,

i
o

o
b

v, .ty = LOP-L0T=.
£ LEC
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e R0 N ) - .
Pyt = the fracilion of ihe BOAY [ATROL S¥Cii spent on
- 5 o
stuiion when tx@ hame port 13 used for upkesp.

3
=5
T

- LODP-LGTh
T LFG

v,

{a£) 33 = pltyre) + (1-pl(tpopd

Kotiee that p =2 impligs that 21l UPKEEP is to take
place in an advinced wsse;
) e igplies that <10 UPdLLD is o tcke
piece in the howe pori;

val there will be a plan to
1 home port and asdvenced bases

(3]
Fas
CZj
(o=}
bade
=
P,
S’
s

Ve now seex to eliminate ty, fron owr expressicn for tu-

=
W 252 Sl e B e T A P R q
32giu by defining {; as & functicn of &, %y, and o.

let
4 % 3 » > r ey M A
(£8) te = the Lracticn of tine of a BOAT DEPLOGERT that
sach daployed crew ~rnu0¢ avay from hogpe:

au

o8
i

5
W

G p(1-t)

\"
®l s

Finally we put te in the form of egusticn (3), which is

tc - ,;- 'I(l-hh) if p < ]

@
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fiow roveite (A7) for iy 22 a fwnction of a.ty arnd p.

Tha rasult ig

e

(A8) tx =\ e-te=p ifrp < 1

1-p
independent of a«te if p = 1
Recall the discussion which defined ty in section 1I-4.

With thig in wind, we wirlis

(89} tp =( a.te-p ifp 1L
1-p
tbzzm:i ifp = 1

and reguire that

{410) iy £ tbma}: <3

By combining equations (A7) and (412) we arrive zt the desired for the

value of t., which is now wrritten as tg, to inddcate thet it is & function

of p as well 05 a.ic,igy, and rh. Thus w2 have

HANES) L
tv;s = i;bm &X'rs_ if [N 1
f_’:’g?_a[p(ra*rh)‘,‘rh] if05 p<1
1-p

We now prepare to determina tho ¢ptimum value of ts which we will
call tg for soch valie of a«te, ry, and rg.
From equations (A7) snd (A10) it cun t¢ shown that
(n12) a+te = 1 if end oniy if p = 1.
As a result
n - - e by A
gty = 1 implies that tg = tbmax'r& = tg

Eguations (A3) znd (A8) imposs this constraing

(A13) o 4 < ate

i
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F 4

Agssuming the velue of p is isdependent of cust consiueration, ve shell

= -
paxizize ts over walusa of p. The protedurs wiil be to differentiste

b

and sel the recult egusl to zero, then solve for p subject to {23). let

the solution te called

{(ALL) dbg _ (ra-ta)pP=2(ra-rpJp + a:teeTaTh
A (I-pJ2 i
A ~ + 7 2 v 4 £y
p— S S \l 4(va-rn)c -4(re-rylete-vn-Ty
2(re-rh)
6 - 1% 1 ™= a.«tgerg = Th ;
Ya ~ Th

but 0%psl

thervefcre

T>
n
"

|
—
e
'

asteera = 'l Tor ry
Tg = T = <acte <
& h ry

(N ]
C

for a.te fh
Ta

and let P

We csn now write

e A .
{ALS ) P if e«te = 1 ;
£ = 0 if actg < Th
Tg ’
. e g acte-rg- r
g leah gr Tho g oauggql
i (r&-rh) Ty
and finally
(K16) = Vo' Te ifieEtel = 1
&»tcorh if a-te 5 rh
Ta
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A

1IST & SIMBOLS

The total mumber of crews in the CAREER CYCLE per depiored boat.
The nunher of deployed craws per deplayed boct.

The number of pseudo crewa per deplcyed boat.

The boat ceat of one boat for ¥ yezrs.

The tozt cost per depleyed bkoat for I yesrs,

The boat cozt per boat on station for Y years.

The number of crews in the CAREER CYCLE per boat on station.
The number of deplcoyed crews per beat on station.

The tetal persornel cosit per deploysd boat over Y yesrs.

The total personnsl cost per hoat on gtation cver Y years.

The total number of persomnel input per deplcoyesd boal over I
yesre mesgured in crews,

The total mumber of personnel input per boat on station for ¥

years measursd in crewus.

The initial cost of an FEM submzrine.

The annual cost of waintaining and operating a boat.

The number of bonts in the LONG RANGE CPZRATIONAL CYCIE.

The number of boailz in the LONG RANGE OFERATIONAL CYCLE per
boat on station,

The number of depleoyed boats per boet on station.

The fraction of the peraonnel 1n the CARRER CICLE lost by
attrition each yeer.

The fration of the PATROL spent on station. The on station
fecter.

The on atation factcor for the advanced base,
The on station fector for the home port.
The annusl cost of paying, feeding, transporting end providing

for the genersl velfare of the crew inciuding the on the job
training and between patrol training the crew recaives.
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[€7]
5

Sk

Ty
Ty

Tre emount saved per yoor per crav in the slternate assignment.

Ths initisl treining cost of a crew.

The froction of the
DEPLOYFENT pheas.

The frection of the

The fraction of the
to & deplcyed boat.

The freotion of the
oM NORE .

Trhe fracticn of the

LONG RANGE CPRRATICKNAL CYCIE szpent

30LT PATROL CYCLE spent on PATROL.

CAREER CYCIE an FBM submarineer is

CREW PATRCL CYCLE that the crew is

BCAT PATROL CYCLE spent on staticn.

in the

assigned

away

The munber of years to be considered for the leng reange cests

end regulrements,
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